ABSTRACT Forestry higher curricula reform is being debated globally. This study examines the views of students on aspects related to forestry education and the profession, focusing on how these views differ across the study years of a higher education forestry program. The objective of the study was to investigate the differences across study years with regard to the students' forestry-related concerns, the value they give to competencies and experiences, and their preferences with respect to future work and studies. The case study of a 5-year Brazilian undergraduate program was selected, analyzing the responses to a questionnaire of 268 students. Results indicate students in the later years of their study program have a much broader variety of forestry-related concerns, have a greater interest in choosing a different university for doing a Master's degree, and more often consider working as consultants upon graduation. Additionally, students in the later years give a higher importance to competencies related to traditional forestry areas (silviculture, management, policy), computer-related subjects (Forest Information Systems, statistics, computer skills), and generic communication competencies (oral and writing skills). On the contrary, students in the first years give a higher value to environmental and climate change-related issues and to international forestry, as well as to achieving their best. Our findings show there are numerous differences in students' perceptions across the study years of a program. The consideration of these differences in the reform of forestry and life science curricula, aiming at increasing the attractiveness and effectiveness of the programs, is suggested.
T
here is broad agreement in the academic community on the urgent need for reforms in forestry higher education. Calls for these reforms have been made from different parts of the world, including Southeast Asia, Latin America, Sub-Saharan Africa, Europe, and North America (e.g., Puhlin et al., 2003; Encinas, 2008; Temu, 2004; Schmidt and Lewark, 2008; Innes, 2005) . The reforms have also been the central subject of recent global symposia on forestry education (Temu and Kiwia, 2008; IPFE, 2008) . A need for developing new knowledge and skills has been identified not only within higher education but also within the forest industry (e.g., Forest Technology Platform, 2005).
The needed reforms are of two types. First, there are those specific to the field of forestry. These reforms are related to the so-called change in forestry paradigm, with new societal demands that involve a broader range of products, services, and benefits that are expected from forests and nature (e.g., Nair, 2004) . Examples of these demands are forests as sources of bioenergy or their function as carbon sinks for the mitigation of climate change.
The change in the forest paradigm also has an impact on the profession and the employment of forestry graduates. Today's forestry graduates find a much more diverse and complex labor market situation in relation to past decades, when most graduates were working as civil servants in the management of the country's forests or for the forest industries.
The second group of reforms is common to higher education as a whole. They involve the enhancement of the education with the incorporation of the latest pedagogical methods as well as information and communication technologies, quality assurance and life-long learning issues, emphasis on generic skills and competencies, and the shift to a student-centered education. This last shift implies that programs and modules need to change their formulation from the more traditional approach of learning inputs (what the student is taught, such as the length of the studies) to learning outcomes and competencies (what students actually learn) (e.g., European Qualifications Framework, 2008) .
Although no consensus exists on a common terminology in relation to competencies (often termed competences), they can be defined as combinations of knowledge, skills, and attitudes appropriate to the context (European Communities, 2007) . Additionally, general agreement also does not exist on how to classify competencies (Garcia-Aracil and Van der Velden, 2008) . One common division is to consider subject-specific competencies on one hand and generic (or key) competencies on the other. Extensive work on the development of generic and subject-specific competencies for higher education programs has not been done for many disciplines at the European level (e.g., Gonzalez and Wagenaar, 2003) , including forestry. To the knowledge of the authors, only Schuck (2009) has published a study in relation to forestry higher education competencies, examining them in eight forestry faculties from four European countries.
In addition to competencies, the experiences that students have (defined by Anderson [2006] as the accumulation of knowledge or skill that results from direct participation in events or activities) are receiving increasing attention. Experiences are considered to be a crucial part in the study of student engagement, in turn defined as students' active participation in the learning process in reference to their involvement with activities and conditions (both academic and non-academic) that generate high-quality learning (Australian Council for Educational Research, 2008) . A greater engagement of students in challenging learning environments has been reported to improve general education knowledge and practical competencies (Umbach and Wawrzynski, 2005) . Despite the central role that students should have in higher education reforms, little is known of how students perceive higher education and its developments.
Furthermore, the perceptions of students regarding higher education are likely to change during the course of their studies. The progression of a student through a study program can be seen as a form of expertise development. According to Chi (2006) , more knowledgeable individuals can be considered experts in relation to those less knowledgeable (novices in a first stage, then initiates, apprentices, journeymen, and then experts, with full expertise reached after 5 to 10 years of professional practice). Unlike in other fields such as psychology (e.g., Jacobs and Newstead, 2000) , no studies on the development of forestry students' perceptions across study years have been conducted. Nevertheless, such knowledge offers potential value for the development of high quality and up-to-date forestry programs.
Background on the Case Study
Due to a combination of factors related to opportunity and interest, a forestry program at a well-established university in Brazil was chosen as the case study. Accordingly, students of the 5-year forestry undergraduate program provided in Curitiba by the Federal University of Paraná (UFPR) were surveyed.
The global relevance of Brazilian forestry cannot be overemphasized. Its more than 477 million hectares of forest area, constituting 12% of the world's total, places Brazil as second only to Russia as the most forested country in the world (FAO, 2009) . Brazil is also regarded as one of the most important emerging economies and a leader in high-productivity plantation forestry. On the other hand, the deforestation pace in its natural forests and the 2006 Law on the Management of Public Forests for Sustainable Production-which allocates logging concessions in Amazonia-are subjects of global debate.
The history of Brazilian forestry higher education dates back to 1960, when the first program was set up in Viçosa (Minas Gerais) and 3 years later moved to Curitiba (Paraná), where the first class graduated. Since then, but especially within the last 15 years, forestry higher education has rapidly expanded with a large number of public and private programs offered throughout the country. Today, there are 58 forestry programs at the undergraduate level in Brazil, most of which have a length of 5 years (SBEF, 2009) . Even though a law from 1996 requires the adaptation of the programs to new curricula guidelines (LDB, 1996) , many of the degree programs have not yet undergone these reforms, as is the case in our case study where the latest curriculum reform dates from 1991 (UFPR, 2006) .
Aim
The aim of this study was to investigate the differences in students' perceptions across the study years of a higher education forestry program. Specifically, students' perceptions on the following issues were examined:
• Students' forestry related concerns • Students' value ratings of competencies and experiences • Students' preferences regarding their future area of work • Students' preferences regarding Master's (graduate) studies in forestry
Material and Methods

Design and Data Collection
The study opted for a combined quantitative and qualitative approach. A three-part questionnaire was designed. The first part consisted of closed-ended Likert-type questions to obtain a numerical evaluation of the importance that students give to a list of competencies (both subjectrelated and generic) and experiences. This part of the questionnaire was partly inspired by those used by Radford and Holdstock (1993) and Jacobs and Newstead (2000) for psychology students. Some of their items were kept or modified, whereas others were added, including four items that were inspired by the European standards for M.Sc. level studies (Dublin descriptors, 2004; European Qualifications Framework, 2008) . The 39 items (listed in Appendix 1) sought to represent competencies and experiences of a generic higher forestry degree program, and consisted of different subject-specific competencies (13), generic competencies (13), and experiences (13). Items were randomly ordered in the questionnaire. Students were asked to indicate the importance to them of each of the items in the questionnaire on a scale from 1 to 5, from "of little importance" (1) to "extremely important" (5).
The second part of the questionnaire included openended questions on the students' forestry concerns at national and global levels. The third part included closedended questions on students' future plans and preferences with regard to work and further studies. The questionnaires, in Portuguese and in paper form, were administered in class during the second month of the academic year in 2009. The number of students who participated in the study was 268, all Brazilian nationals. Respondents averaged 21.3 years of age and were 52% female. The total number of respondents was, from first to fifth year, respectively, 67, 55, 46, 52, and 48, corresponding to 96, 82, 66, 65 , and 71% of the registered students in each year.
Data Analyses
Since general trends were sought rather than year-toyear variations, responses were considered according to the following three groups: first-year students, middle-years students (second-and third-year students), and final-years students (fourth-and fifth-year students). The program's curriculum and expertise development theory (e.g., Chi, 2006) were taken into account when forming these groups. First-year students (novices) had only a few weeks of experience in the program and their views may be regarded as naïve or preconceptions. Students from the middle years (initiates/apprentices) had been studying for 1 or 2 years in the program, and therefore have started developing certain expertise. Students in the final years (journeymen/experts) have been studying for 3 or 4 years in the program and have developed that expertise further.
Three types of data analysis were carried out. Firstly, the Likert-type items were statistically examined for differences among groups across study years. Concretely, one-way ANOVA was used to explore differences among groups according to year of study. When significant differences were found between study years, Tukey's Post Hoc Multiple comparisons test was used to determine which groups were different. Secondly, answers to open-ended questions on forestry concerns were subjected to a meaning condensation analysis (Kvale, 1996) and coded in order to explore the variability of answers and build categories, followed by frequency analysis. Finally, closed-ended questions were subjected to frequency analysis. In the last two cases, a Chi-Square test was used following the frequency analyses to examine differences across study years. Results of the study were discussed with teaching faculty in order to detect possible events that may have affected the variation in perceptions across years.
Results
Differences in Forestry-Related Concerns
The students' main forestry-related concerns both at national and global levels were grouped in eight categories: conservation, sustainable management, production, forest legislation/policy, climate change/carbon sequestration, environmental problems/impact, economic crisis, and other concerns. The frequency (%) of responses is shown in Table  1 by study year.
At a national level, the frequency of answers related to conservation significantly decreased across study years, whereas there was a significant increase in answers related to production. Although no other statistically significant differences were found, smaller increases across study years in answers related to forest legislation/policy, sustainable management, and other concerns were also observed.
At a global level, there was a greater variability of responses, reflected in three categories of concerns not present at the national level: climate change/carbon sequestration, environmental problems/impact, and economic crisis. The variety of global concerns was greater and more evenly distributed among students in the final years. Conservation was significantly more frequently mentioned in the first year. With no other statistical differences found in this respect, environmental problems/impact was more frequently mentioned by first-year students, whereas climate change/ carbon sequestration, production, and sustainable management were more frequently mentioned among students in the middle years, and forest legislation/policy, global economic crisis, and other concerns were more frequently mentioned among students of the final years.
Differences in the Value of Competencies and Experiences
Significant differences among study years in the value students gave to competencies and experiences were found in 12 of the 39 items tested, including seven subject-specific competencies, three generic competencies, and two experience items ( Table 2 ). The mean values given by the students to all 39 items in the questionnaire are shown in Appendix 1.
Among the seven subject-specific competencies with significant differences across study years, students in their final years rated five of these as more important than students in their first year, including resource assessment and forest management and planning, silviculture and growth, forest governance and policy, forest information systems, and applied statistics. The remaining two categories (environmental protection and related issues such as climate change and carbon sequestration, and knowledge of variety of forestry practices across countries) obtained a higher rating by first-year students, with the value decreasing across study years.
There were three generic competencies exhibiting significant differences among study years-oral communication, writing skills, and computer skills. All three obtained higher scores from students in their final years of study. Regarding the two experience items where significant differences among study years were found-achieving the best you are capable of and having a good social life-the former was the most valued item in the questionnaire and exhibited significantly higher scores for the first-year students than for students in their middle and final years. In contrast, the latter item was more valued by students in their final years.
Differences in Preferred Area of Work
Students' preferred area for their future work among five common professional orientations for forestry graduates is shown by year of study in Table 3 . The area of consultancy Table 2 . Comparing mean scores of the values given by forestry students to competencies and experiences by study year. Scores are in a scale from 1 to 5, with the highest mean in each row marked in bold. Only items with significantly different means between study years according to one-way ANOVA (p < 0.05) are shown. Letters a, b, and c are used to indicate between which study years do the significant differences exist according to Tukey's Post Hoc Multiple comparisons test. had significantly increasing support across the study years (from 7% in the first year to 12% in the middle years and 21% in the final years). Although no significant differences across study years were found for the other areas, environmental advocacy and research/education were more frequently preferred by first-year students, with management of public natural resources more frequently preferred by students in their middle years, and forest industry more frequently preferred by students in the final years.
Competency and experience items
Study years
Differences in Students' Views on Studying a M.Sc.
With respect to the students' willingness to do a M.Sc. degree, only 10% did not consider this option, as opposed to 40% expressing their willingness to do so upon graduation and 50% to do so after a period of employment. These preferences did not differ by study year (N = 267; with respective χ 2 and p values of: χ 2 =0.58, p = 0.751; χ 2 =3.15, p = 0.207; χ 2 =4.28, p = 0.118). Regarding the preferred place for doing the M.Sc., the only statistically significant difference, by year of study, was that the percentage who preferred the same university was highest among first-year students (63%), dropping to 42% in the middle years and to 38% in the final years (Table 4) . Although not significantly different by year of study, the support for studying in another university within the country rose from 14% in the first year to 21% in the middle years and 26% in the final years, while the support for studying abroad rose from 23% in the first year to 37 and 36% in the middle and final years, respectively.
Discussion
This study found differences in the way forestry students, from different study years, perceive their studies and their careers. Some of these differences were certainly expected, such as the much broader range of forestry concerns that students had in later years of the program. This may be explained by the expertise developed through the studies, with increased knowledge and awareness of different areas. Their increased expertise also appears to mitigate their initial main concern for conservation, with more importance given to production and sustainable management in the later years of their studies. Yet the fact that first-year students have a great concern for conservationrelated issues should be taken into account in the curriculum design, for example, with the inclusion of introductory subjects on the matter already in the first year. This is suggested as one way to enhance the attractiveness of forestry programs, so that the global decline in enrollments of forestry students that started in the 1990s (e.g., Temu and Kiwia, 2008) can be reversed.
Also, the higher appreciation of core subject-specific competencies such as management, silviculture, and policy by more experienced students can be interpreted along the same lines of increased student expertise. On the other hand, an unexpected result was the lower importance given by students of later years to competencies related to environment and climate change as well as to international forestry. The little attention paid to these subjects in the undergraduate curriculum is suggested as its cause, Table 3 . Preferred area of work for the surveyed students by study year, as percentage. The highest percentages in each row are marked in bold. Significant differences across years according to the Chi-Square test are indicated. possibly leading students to think that the subjects are not as relevant as they originally thought. The inclusion of subjects dealing with climate change and other international issues constitutes another opportunity for improving the attractiveness of the natural resources field since these areas are of great concern for students. Our results regarding perceptions of subject-specific competencies were generally different than those that Jacobs and Newstead (2000) obtained with psychology students. In their study, Jacobs and Newstead found a general trend for lower values across study years for subject-specific items, which was not found in our case. Only the higher values for statistical competency given by students in later years coincided, suggesting that a higher appreciation for statistics may be developed along the course of the studies in different disciplines.
Three generic competencies (oral and written communication, and computer skills) were rated higher by students in their final years, which indicates that students do acknowledge these skills as increasingly important as their expertise develops. This is an optimal scenario for the progressive emphasis of such skills within a program, since the acknowledgement of importance by students constitutes a motivational factor. In this sense, the need for improving communication competences among forestry graduates and professionals has often been pointed out by academics (e.g., Ball, 2003, on writing skills; Vanclay, 2007, on communication skills) and employers (e.g., Forest Technology Platform, 2005) .
Similarities with the results of Schuck (2009) involving a study of Finnish forestry students in a 5-year M.Sc. program regarding the importance of generic competencies were found. The three top-rated competencies-from a list of 30 generic competencies-coincided with those from the Brazilian students studied, though in different order: problem-solving (first for Finns and second for Brazilians), ability to work in groups (second for Finns and third for Brazilians), and foreign languages (third for Finns and first for Brazilians). Though the distinct nature of the research does not allow for further comparisons (e.g., between subjectspecific competencies), there seem to be similarities in the way students perceived the importance of competencies at least in these Brazilian and Finnish forestry programs. A similar orientation of forestry toward the industrial aspect in these countries (both with a strong forest industry sector) may be one reason for this similarity, but may also indicate that a general similarity between forestry students exists across countries.
Whereas most experience items were not significantly different across study years, the two that differed did it in opposite ways. Interestingly, the item related to excelling academically (achieving the best you are capable of) decreased in importance across study years, whereas the one on excelling socially (having a good social life) increased. The reasons for the decrease in the perceived importance of academic excellence should be further investigated, since they may signal certain dissatisfaction or demotivation linked to a perception that high achievement is not appropriately rewarded.
With regard to the preferred areas of work, students in their final years showed a greater diversity of preferences. This is in line with the previous results of this study regarding the students' more diverse concerns in connection to their increased expertise. The increasing support for consultancy as the preferred area for future work across study years may be influenced by two factors. One is the increased expertise as the study program progresses, not only in terms of awareness but also in the realization of their own growing expertise as consultants. Another factor is the contact with professors and professionals who do consultancy work, which in the university studied is greatly facilitated through the existence of junior consultancy enterprise in the faculty. The existence of such enterprise is in line with the latest trends in higher education in Europe, where the sense of initiative and entrepreneurship constitute one of the eight key competencies for life-long learning (European Communities, 2007) .
The majority of the students at the beginning of the studies preferred to continue for M.Sc. studies in the same university; however, those in their later years were evenly divided among studying in the same university, another university within the country, or abroad. The notion that expanding knowledge at a different university provides a broader range of knowledge and experiences seems a natural one coming with the development of student expertise. Nonetheless, it is possible that certain dissatisfaction with their studies is affecting their progressive loss of interest in carrying out further studies in their current university, an issue that should be further examined.
Key factors for our choice of case study in the examination of differences in perceptions across study years were the length and characteristics of the program (5 years, with only 1 study track) and the homogeneity of its students (all Brazilian nationals entering the same program from its first year). Yet these findings need to be considered in light of some limitations. Firstly, only one program involving altogether 268 students was studied; therefore, results may not apply to other programs, universities, or countries. Furthermore, even though the curriculum was thoroughly examined and the results were discussed with staff of the university, there may have been undetected events affecting students' views (such as the effect of individual professors in the development of the interest of the students in certain subjects or areas). Secondly, since differences have been analyzed in a cross-sectional rather than a longitudinal manner (examining students of different study years at one time rather than following the same students across time), differences between students of the different years may influence the results. Thirdly, data were collected in a time (March 2009) of economic uncertainty following the 2008 global financial crisis, which may have influenced students' views on issues such as employment prospects and enrollment in further studies.
In spite of these limitations, our results offer a new insight into forestry students' perceptions regarding forestry education and subsequent employment options. Reforms in current life science curricula as well as in the structures that allow for further reforms seem necessary not only in this particular field program but also elsewhere.
As pointed out by Taylor (2000) , continuous reforms of curricula will be required as changes in societal demands occur. Less important areas or competencies as seen by students should not be dropped from the curriculum since they may be very important from an academic perspective. However, knowledge on the perceptions that students have on the importance of subjects, competencies, and experiences is crucial because it can explain the level of motivation, engagement, and effort in the learning process. Systematic approaches for the evaluation of students' perceptions at the level of individual programs are recommended.
